The aim of this study was to evaluate the effect of dietary Zingiber officinale Roscoe (ginger) powder on rabbit productive performances, meat quality and shelf-life of raw and cooked meat. Ninety hybrid rabbits of 60 days old were fed three different diets: basal diet (control, C), basal diet supplemented by 4 g of ginger powder on 100 g of feed (G4) and basal diet supplemented by 8 g of ginger powder on 100 g of feed (G8) (3.6 and 7.2 g/100 g of dry matter for G4 and G8, respectively). Live weight, average daily gain and feed intake were recorded. Ten rabbits of each group were slaughtered at 90 days of age and meat quality was assessed during seven days of storage at 4 C. Live performance and slaughter traits did not show any significant differences. Dietary ginger powder induced modification in pH of raw samples and in colour indexes of both raw and cooked meat. Lipid oxidation of raw samples was delayed in time by ginger feed addition even if no modification was highlighted in antioxidant capacity. Ginger powder could be a potential supplementation in diet of rabbits for increasing meat shelf-life.
Introduction
In the last decades, much attention has been given in rabbit farming in order to increase productions without negatively affecting meat quality and animal wellness. In recent years, studies have been carried out on the addition of natural antioxidants as nutritional supplements in animal feeding to improve performance, health, meat quality and shelf-life of raw or cooked meat products (Jiang and Xiong 2016) .
Dietary supplementation with natural antioxidant can improve the oxidative stability of rabbit meat which is susceptible to the deterioration because of its nutritional composition (Dalle Zotte 2002) . To improve the performance, healthy conditions and meat quality, different aromatic herbs and essential oils have been used in rabbit feed (Dal Bosco et al. 2012; Peiretti et al. 2013; Gerencs er et al. 2014) .
Ginger powder and extracts have been studied for their antioxidant and antimicrobial properties both in dietary supplementation and in food preservation (Zomrawi et al. 2012; Mancini, Paci, Fratini, et al. 2017; . Hence, ginger could play an important role in rabbit feeding strategy. The aim of this study was to assess in rabbit the effects of two different concentrations of ginger powder as supplement in feed on the productive performances and meat quality.
Materials and methods
Ninety hybrid rabbits of 60 days old were randomly allotted into three groups and housed in cages. Groups were fed ad libitum, one with a commercial pellet (control diet, C; proximate composition as g/100 g of dry matter: crude protein 18.5, ether extract 3.0, crude fibre 17.8, ash 9.0) and the other two with the same pellet supplemented by ginger powder at the concentration of 4% (G4) or 8% (G8) of the feed (3.6 g/100 g and 7.2 g/100 g of dry matter, respectively). Water was available ad libitum from nipple drinkers. Body weights and feed intake were registered weekly, anyhow only initial and final weighs and total feed intake were considered for statistical analyses. The experimental protocol was designed according to the guidelines of the current European and Italian laws on the care and use of experimental animals (European directive 2010/63/UE, put into law in Italy with D.Lgs. 26/2014).
Ten rabbits from each experimental group were slaughtered at 90 days of age. Rabbits were electrostunned and slaughtered by cutting carotid and jugular veins. The dissection procedures of warm and chilled carcases followed the WRSA recommendations (Blasco and Ouhayoun 1996) . The pH after 45 minutes and 24 h of chilling was recorded on the Longissimus thoracis et lumborum (measured between sixth and seventh lumbar vertebrae) and in Biceps femoris muscle (pHmeter pH80 equipped with a S7 2 PORE SLIM electrode; XS instruments, Carpi, MO, Italy). At 1 day post mortem, left and right Longissimus thoracis et lumborum muscles were dissected and used for meat quality assessments.
Longissimus thoracis et lumborum muscle of each animal was individually packaged in Styrofoam trays overwrapped with polyethylene film and stored at 4 C up to seven days (namely eight post mortem days) after been divided in sub-samples. Meat was analysed at days 2, 5 and 8 (T2, T5 and T8) post mortem days for water holding capacity, pH, colour, lipid oxidation and antioxidant capacity. Moreover, pH, colour, lipid oxidation and antioxidant capacity were also analysed on meat cooked at T2, T5 and T8. Right and left muscles of each animal were analysed as raw and cooked meat respectively. Water holding capacity was quantified as drip loss between T2 and T5 or T2 and T8 (Lundstr€ om and Malmfors 1985) and as cooking loss after cooking in a preheated oven at 163 C to an internal temperature of 71 C (AMSA 1995).
pH was recorded via electrode injection in three different points for each sample; colour (L Ã ¼ lightness, a Ã ¼ redness, b Ã ¼ yellowness; CIE 1976) was measured using a Chroma metre Minolta CR300 (Minolta, Osaka, Japan) with an aperture size of 8 mm (illuminant D65, incidence angle of 0 ). Hue (H Ã ) and chroma (C Ã ) parameters were calculated as reported by CIE (1976) and the numerical total colour difference (DE) was calculated as proposed by Sharma and Bala (2002) among samples of the same diet at different storage times (effect of storage time), among samples of two different diets at a fixed storage time (effect of diet) and among raw and cooked samples of the same diet at the same storage time (effect of cooking). Lipid oxidation and antioxidant capacity were evaluated via thiobarbituric acid reactive substances (TBARS), ABTS (2,2 0 -azinobis(3-ethylbenzothiazoline-6-sulphonic acid) reducing activity, DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity and FRAP ferric reducing ability on both raw and cooked samples. TBARS were evaluated spectrophotometrically according to Ke et al. (1977) method, as modified by Dal Bosco et al. (2009) . The absorbance of TBARS was measured at 532 nm with a V-530 spectrophotometer (Jasco International, Milan, Italy). Results were expressed in mg of malondialdehyde on 100 g of sample via a calibration curve plotted with 1,1,3,3-tetraethoxypropane (0-15 lM). Antioxidant capacity was measured on meat ethanol extracts as reported by Mancini et al. (2015) using the radical probes of ABTS and DPPH, as reported respectively by Re et al. (1999) and Blois (1958) , and the FRAP method as reported by Descalzo et al. (2007) for meat samples. The effect of the diet on the rabbit performances (initial and final weights, feed intake) and the carcases characteristics were statistically analysed via one-way ANOVA. A two-way ANOVA repeated measured was applied on the raw and cooked meat quality parameters in order to evaluate the effects of the diet (D), of the storage time (T) and of their interaction (D Â T). Tukey's test was used to determine the differences when the p value was under .05. When the interaction D Â T was not significant, the results were reported as the mean of the fixed effects D and T; the variability was expressed as root mean square error (RMSE). R software (R Core Team 2015) was used.
Results and discussion
Live performances and carcase characteristics did not show any significant differences between the three experimental groups (Tables 1 and 2 ). In literature studies on natural antioxidant supplementation in rabbit diet reported a wide range of effect (Abdel-Khalek 2013). Celia et al. (2016) and Abd-El-Hady (2014) reported that live performances of rabbits fed an herbal mixture (Digestarom V R ) were variable as affected also by other not-diet related parameters because animal age or rearing technique. Few differences were found in meat quality of both raw and cooked samples (Table 3) . In raw samples, diet affected pH, lightness, yellowness and chroma (p < .05 for pH and L Ã ; p < .001 for b Ã and C Ã ). G8 samples showed lower value of pH and higher values of L Ã , b Ã and C Ã than C and G4 samples. Modifications in pH values could affect lightness of meat (Swatland 2000) , and G8 raw samples showed, as consequence of dietary regimen, a higher value than C samples as at a more acid matrix a lighter meat corresponds. This correlation was found in several studies in which rabbit meat physical characteristics were evaluated Mancini et al. 2015) . Interestingly b Ã and C Ã indexes showed statistical differences due to the diet also on cooked samples, with higher values of G8 than other diet groups (p < .01) as influenced by the natural colour of ginger. Storage time affected pH, L Ã , b Ã , H Ã and C Ã in raw samples (p < .01 for pH, b Ã , H Ã and C Ã ; p < .01 for L Ã ) and pH and L Ã in the cooked samples (p < .001 and p < .01 for pH and L Ã , respectively). pH of raw samples decreased between T5 and T8, while pH of cooked samples reported a constant decrease from T2 to T8. Lightness of raw samples increased progressively during the storage time, whilst an opposite trend was shown by cooked samples. Raw samples showed to increase yellowness index between T5 and T8, and this modification in colour affected the values of H Ã and C Ã that consequently increased their value between T5 and T8.
Numerical colour differences (DEs) are reported in Table 4 . DEs between raw samples of the same diet at different storage times reported that G8 samples appeared different between T5 and T8 and in the overall evaluation (T2-T8), whereas C samples modified their colour in a perceptible way only if compared T2-T8. No colour discernible differences were shown by cooked samples during storage time. Moreover, cooked samples of C and ginger diet groups (G4 and G8) showed to be not recognisable for difference in colour as the DEs calculated Table 3 . Effects of diets and storage times on meat quality. between the two diets in function of the storage time did not show values over 2.30 points (threshold value for a noticeable difference). Instead, raw C and G8 samples at T2 and T8 were slightly over the threshold leading to a partial difference in colour. As expected, cooking strongly modified the colours of samples, as showed by DEs calculated between raw and cooked samples of each diet's samples as function of the storage time.
Lipid oxidation (TBARS) of raw samples showed a significant interaction D Â T (p < .01, Figure 1 ). Samples showed lowest values of oxidation at T2 with a constant increase during storage time. Anyhow, at T8, G4 and G8 samples showed to maintain their level of lipid oxidation at least comparable to T5 of the C samples, proving an enhancement of meat shelf life due to ginger addition in the diets. At T5, G8 samples showed lower value than C and G4 samples, delaying lipid oxidation in time. A different resistance to lipid oxidation in samples from groups differently fed was not shown in cooked samples as only storage time significantly affected TBARS values (p < .001 , Table 5 ), that increased with storage time with statistical differences among all the tested times. Similarly, Lo Fiego et al. (2004) reported that dietary vitamin E (300 ppm) and vitamin C (500 ppm) negatively affected the lipid oxidation in rabbit meat stored at 2.0 C for eight days, as well as Eid et al. (2011) reported that also dietary green tea significantly decreased TBARS of thigh and loin meat stored for two months. Even if TBARS were affected by dietary antioxidant supplementation no modifications were highlighted in antioxidant capacity of raw and cooked samples (Table 5 ). This lack of correlation between antioxidant characteristics and lipid oxidation in rabbit meat was reported by other Authors Dalle Zotte et al. 2014) and in other meats from different animal species (Hern andez-L opez et al. 2016; Mancini, Paci, Pisseri, et al. 2017 ) fed antioxidant products. On the other hand, few research articles on dietary supplementation report a decrease in lipid oxidation as consequence of a modification in antioxidant characteristics (Jung et al. 2010; Qwele et al. 2013; Mancini et al. 2016) . These lack of coherence between studies lead to hypothesise that different mechanisms of action could be related to different antioxidants and no consistent results could be expected.
Conclusions
Dietary supplementation with ginger powder represents a good opportunity to ameliorate meat quality of rabbits, resulting in a lowering of lipid oxidation susceptibility without any interference with productive performances of animals. Modifications were also highlighted in pH values and colour parameters of both raw and cooked samples.
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